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ABSTRACT
Sixty-four Holstein c.alves were used in a 3 x 2 factorial
experiment of 12 wk to evaluate growth perfonnance when fed control,
high starch, and high fat pelleted diets separately or with a
supplemental concentrate mix offered the first 6 wk.

High starch

and high fat diets were formulated to .contain more digestible energy
than the control diet.

Calves received milk the first 5 wk, plus

one of the above rations ad libitum wk 1 thru 12.

The control diet

contained corn, oats, and soybean meal; the high starch diet contained corn and soybean meal; while the high fat diet contained corn
and an extruded whole soybean product.

All pelleted diets contained

20% alfalfa-brome hay, 5% dry molasses, and 1% each of dicalcium_
phosphate, .trace mineral salt, and antibiotic premix.

The supple-

mental concentrate mix contained corn, oats, and soybean meal, 9%
liquid molasses, minerals, and vitamins.
Weight gains, feed intakes, and feed/gain ratios were similar for all 3 pelleted diets with or without the supplemental concentrate mtx during wk 1 thru 5, 6 thru 12, and l thru 12.

During wk 6

thru 12, average datly gafos were .88, .88, and .82 kg, and dry
matter intakes were 2~38, 2.38, and 2.32 kg for control, high starch,
and hi9h fat diets.

Average daily gains wk l thru 5 and feed intakes

wk l thru 5 for calves fed or not fed the supplemental concentrate mix
were .49, .47 kg and .40, .37 kg.
Apparent digestibilities detennined with 20 13 wk old male
calves fed control, high starch, or high fat diets were similar

for dry matter (81. 3, 77. 7, 76. 1%)' and neutra 1 detergent fiber
(50.7, 42.7, 42.5%).

While they were different for energy (80~1,

76.5, 75.9%), nitrogen (83.4, 77.8, 76.1%), ether extract (89.0,
80.0, 90.0%), acid detergent fiber (48.6, 33.6, 37.3%), and ash
(72.4, ~5 ..8, 59.5%) with the control diet being most digestible
..for all parameters measured.
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INTRODUCTION
The period between birth and 12 wk of age is very stressful
on calves mostly due to their rather abrupt transition from liquid
to solid feed.

Calves that consume dry feed during the milk feed- .

ing period make the transition more easily, and if the starter ration
..is formulated to contain more available energy this will aid the
calf during this time of high stress and low intake, especially during the cold winter months,
The intent of this research was 1) to evaluate added energy
from starch and fat in calf starter diets, 2) to determine if access
to supplemental grain would stimulate early dry feed consumption,
3) to determine if seasonal temperatures affect growth and feed .
intake, and 4) to determine the digestibilities of the diets.
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LITERATURE REVIEW
Growth of Dairy Herd Replacements
The efficient raising of calves today is necessary both in
terms of cost and growth of dairy herd replacements.

Twenty or so

years ago, it was believed that a hi~h rate of growth in a heifer
was manditory to ensure optimum production in her future lactations
(45, 58).

The rapid growth of dairy heifers can be expensive and is

not a factor in improving forthcoming production levels (3, 87).
Holtz et al. (26) related rate of gain from birth to six months to
subsequent milk production.

They found that high production was not

correlated with fast early growth rate, and actually observed greater
producti"on (P<.05) from Jersey cows that were slower gaining calves.
The highest weight gains in c·a1 ves were obtained by feeding
milk or milk replacer.

In fact, Holstein calves fed milk for 12 wk

averaged 1.2 kg of weight gain per day whereas calves weaned at 5 wk
gained 1 kg per day to 12 wk (.74).
is recommended.

Doubling birth weight by 3 mo

Normal growth will not be deterred if birth weight

ts not doubled until the calf is 6 mo old, however, there will be
permanent effects on mature weight and skeletal size if birth weight
is not doubled by 8 or 9 mo (47).
Restricted Milk Intake and Early Weaning
It is a general practice to restrict the amount of milk
offered to calves to between 8 and 10% of body weight (3, 25, 33, 39,
54)~

This restriction is economical and helps stimulate early dry

--
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feed consumption while still allowing acceptable rates of growth.
Other criteria that have been .use_d to determine opitmum weaning
age include:

age, attaining a certain body weight, body weight

gain from birth, and level of starter intake~ Appleman and Owen
(3) concluded that calves of the larger breeds could be weaned
at 3 to 5 wk of age even if starter consumption was below 454 g
per day without any detrimental effects.
In 1968, Owen and Plum (68) tested two possible weaning
strategies and their effect on weight gain, growth, and feed consumption.

Calves were weaned when solid feed consumption reached 454 g

per day, or when they had gained 5.5 kg since birth.

The consumption

group was weaned at an average of 22.7 days and the weight gain
group was weaned at an average of 27.6 days.

These weaning ages

were different (P<.05) from one another; however, there was not a
significant difference .between these groups or the control group
weaned at 21 days, with respect to weight gain, growth, or feed consumption through the 12 wk of the trial.

In a recent review of data

from 30 experiments with calves, Kertz et al. (36) found that calves
not fed calf starter were weaned at an average of 43 days, whereas
calves fed a starter ration averaged 32 days at weaning.

Jorgenson

et al. (34) observed no difference (P>.05) in average daily gain to
14 wk among calves weaned at 3, 5, or 7 wk of age.

However, they did

rep·o rt a greater incidence of scours (P<.01) in calves weaned at 7 wk.
The practice of feeding calves once a day was also riot detrimental to growth (1, 3, 42).
ed solid feed consumption.

This practice reduced labor and stimulatWhen milk feeding was unrestricted or

4

acc~ss to solid feed was not available to the calf until weaning,
the abr~pt change in diet at weaning caused problems (39, 54) due
to reduced or zero consumption and lack of rumen development.
Limited milk feeding was the strongest stimulus for bringing about
the in~estion of soli~ feed.

Early ~eaning is economical because

jt obviously requires less milk or milk replacer and less labor; but
another economic advantage is that the likelihood of disease declines
after a calf is weaned (55).

Calves fed high concentrate starters

should be fed on an ad libitum basis as this reduces the chances of
bloat (101).
Rumen Development
At .birth the abomasum represents 60% of the total stomach .
volume in a calf, by 6 wk of age the rumen and reticulum can hold
60% of the stomach volyme, and in mature cattle this figure increases

to 86% (94).

Ingestion of solid feed was necessary to increase rumen

stze, development, and absorption (38, 85, 86, 88). · The type of solid
feed affected the absorptive ability of the rumen (74, 83, 95).

Feed-

tng concentrates lead to greater absorption whereas feeding roughages
caused an increase in size.

Sutton et al. (85) fed calves only milk,

or milk, hay, and grain from birth to 13 wk.

The milk fed calves did

not increase their rumen volatile fatty acid (VFA) absorptive ability
0ver the 13 wk, however, the milk, hay, and grain fed calves showed
considerable papillary development at 4 wk.

Harrison et al. (24)

found better papillary growth in the rumens of calves fed a 1:9 haygrain diet over a 9:1 hay-grain diet for 16 wk.

These trials confirm
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that the crucial factor for rumen development is diet, not age, a~d
that VFA's are a stimuli for $tructural and functional development
of the rumen once solid feed is ingested (98).
McCullough (46) alluded to the fact that many experiments
that were carried out between the 1930~s and the 1950's showed that
a 6 wk old calf could digest feed as thoroughly as an adult if it
had access to high quality forage.

Problems can arise if inadequate

levels of forage or all finely ground forage is fed.

McGavin and

Morrtll (48) demonstrated the importance of a rough textured feed
source when they fed calves a low fiber concentrate or the same concentrate plus long alfalfa hay ad libitum.

Calves receiving concen-

trate only had abnormal keratinized papillae while the other groµp
had normal; well developed papillae.,
Atai et al. (6) fed sucrose to calves and observed sucrose
utilization at 4 wk of .age~

This indicated a functional rumen was

operating because sucrase activity in calves is zero.
Carbohydrates
Lactose, the major carbohydrate of milk, is readily degraded
and its components glucose (14, 28, 61, 63, 78) and galactose (70, 92)
are readily absorbed from the lower tract of young calves.

However,

other carbohydrates such as sucrose and starch are not well utilized
(14, 27, 28, 30, 63, 78, 92) in the lower tract.
Starch is the primary energy source for ruminating calves fed
high concentrate rations.
lase and amylopectin.

There are two basic forms of starch, a-amy-

The former is a long unbranched polysaccharide
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with all glucose units joined by a-1, 4 linkages; while amylopectin
is a highly branched polysaccharide of glucose with a-1, ·6 linkages
at the ~ranch points (43).
The enzymes needed to degrade starches to the monosaccharide form for absorption are the amylases and maltases found
in pancreatic juice and amylase, maltQse, oligo-1:6-glucosidase,
and dextranase from the intestinal mucosa (4, 84).

Pancreatic

amylase was present in low amounts in the very young calf, but
activity .increased with age (4, 14, 27, 28, 57, 65, 78).

One

study showed it to increase with high levels of corn in the diet
(4).

Pancreatic maltase activity is less clearly understood.

It

is known to increase with age (14, 29, 40), decrease with age (70)
or remain at low levels unaltered by age (4, 10~ 27, 78) or diet .
(10, 76).

Huber et al. (28) suggested that a calf would have its

greatest need for maltase at 6 to 8 wk because limited fennentation
and capacity of the rumen causes increased rate of passage of digesta~

The mucosa of the small intestines are also capable of

secreting amylase and maltase (78), and as shown before the level
of amylase increases with age while maltase remains low; neither
are affected by the diet.
Because the calf lacks a-1, 6 glucosidase (78), amylopectin
is only hydrolyzed from its outer amylase-like branches inward to
the center until an a-1, 6 bond halts the degradation.

The remain-

ing unhydrolyzed portion represents about 40% of the total molecule
(43).

Others (29, 84) reported that intestinal microbes are respon-

st-ble for degrading the starch into its mono and disaccharide forms,
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which explains why extensive amounts of .starch were digested .in the
lower tract of young calves.
Post-ruminal starch digestion is very important in the non~
ruminant, early weaned calf.

However, due to varying degrees of

degradation of starch .from different sources, it would appear to
.~e just as important in the ruminant calf.

The starch fraction of

ground corn escapes rume~ fermentation in substantial quantities
(4, 8, 35, 64, 80, 103), whereas flaked corn or barley are almost
completely degraded in the rumen (3, 35, 90).
.

The amount of starch

from ground corn escaping rumen fennentation is directly affected by
the amount of ground corn in the ration (64, 91); however, amounts
of barley do not influence the amount of bypass starch (90).

High

fecal energy values obtained _with corn (8) suggest that corn starch
is poorly utilized in the lower gut as well.

The increase in starch

entering the lower gut may adversely effect rumen microbial protein
production, causing a decrease in the total protein available to the
ruminant.

Only with the establishment of bacteria in the rumen will

starch be fully utilized and degraded to substances the host can use
(14).

Different carbohydrate sources have been utilized in calf
starters.

Warner et al. (96) replaced some of the corn in a calf

ration with distillers dry grain and solubles (DDGS) and some soybean
meal,

Calves receiving the DOGS ration consumed more starter, had

better average daily gains, consumed less milk replacer and took
fewer days to wean.

In a subsequent trial they compared the same
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DOGS ration with a single ration in which corn and cob meal, crushed
oats, beet plup, and brewers grains totally replaced the corn.
Calves receiving the DOGS ration had significantly (P< .01) lower
average daily gains and feed consumption compared with those receiving the higher fiber diet mentioned above.

A simple starter using

.barley and cottonseed oil meal was fed to calves (17) until they
reached 91 kg in weight~ . Calves fed this ration consumed more starter (P<.01) than calves fed a complex starter.

Average daily weight

gains were also greater (P<.05) and calves reached 91 kg 9 days
earlier than calves fed the complex starter . .
Keys and DeBarthe (37) obtained digestibility data from pigs
fed 70% of thetr diets as either milo, barley, wheat or corn.

They

observed 1ower d tgesti bil ities of dry matter (P<. 01), energy (P.<. 05),
and protein (P<.01) when pigs were fed the milo diet.

The milo and

barley diets were lower in total di_gestion of starch (P< .01), amylase
(_P<.05), and amylopectin (P<.01) than the wheat or corn diets.

Calves ,

fed a barley ratton tended to gain more weight and had improved feed
effici"ency as compared to calves fed a milo ration (77).

Whole

cottonseeds added at 25% of the starter ration resulted in greater
feed intake the last few weeks (P~.01) and heavier calves (P<.05) than
did a control ration fed to newborn calves through 12 wk of age (2).
Fats
Calves consuming milk only, receive 30% of their dry matter as
fat.

True fats contain 2.25 times as much energy as the same weight
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of carbohydrate, so utilizable energy increases as fat in the diet
increases.

Only young calves are able to efficiently make use of

a high percentage of fat in the diet (i.e. greater than 8-10%), but
when mixed with dry feed even a young calf wi-11 have troub 1e ut i 1i.z i ng a ration high in .fat (51).
In the nonruminant calf that is consuming milk as its major
food source, the rumen wiJl be bypassed due to esophageal groove
closure and the calf must rely on its own enzyme production for fat
breakdown.

The first enzyme that ingested milk or feed comes in

contact with is pregastric esterase (PGE) from a gland at the base
of the tongue (62).

The secretion of PGE is not influenced by age

or diet but the act of nursing causes more PGE to be secreted than
does the ingestion of dry feed, irregardless of the volume of saliva
produced (106).

Pregastric esterase is very important for the

hydrolysis of milk fat, _especially glycerides containing butyric
acid (22, 62, 66, 67, 70, 71).

At one week of age, the PGE of the

calf can hydrolyze 60 to 70% of the lipid from a milk diet (23).
The review by Nelson et al. (62) pointed out that PGE has optimum
activity on milk fat, but is capable of hydrolyzing the ester bonds
of other dietary fats. .It preferentially hydrolyzes fatty acids in
the primary ester position.

Two trials (31, 79) that used various

sources of fats and oils in otherwise fat free milk replacers found
preferential release of caproic (10:0), lauric (12:0), and myristic
(14:0) acids by PGE, and subsequently better digestion of those fats
and oils that con ta in high amounts of these three fatty acids.

Fats

or oils that are composed mostly of palmitic (16:0) and/or stearic
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(18:0) acids showed a proportionate·l y low release of fatty acids in

the abomasum.

Jenkins et al . .(31) noted that PGE tended to rel ease

some of the long chai-n unsaturated fatty .acids such as. palmitoleic
(16:1), oleic (18:1), and linoleic (18:2).

Siewert and 0tterby (79)

speculated _that fats such as corn oil~ tallow, and soybean oil that
qid not contain any short chain fatty ~cids would be poorly hydrolyzed
by PGE.

From this information the importance of the type of fat in

the diet, as well as the presence of PGE is important for calves
being weaned early, because calves do not secrete appreciable amounts
of gastric lipase (67).
The second lipid hydrolyzing enzyme that a calf has is pancreatic lipase.

Secretion of this enzyme into the upper intestine

from the pancreas is low at birth but soon increases so that by a few
weeks of age it is the lipolytic enzyme of highest activity in the
calf (22, 27).

Nelson et al. {62) reported that pancreatic lipase

and PGE have similar specificities for the long chain acids 16:1,
18:1, and 18:2 as well as, the shorter chain fatty acids 10:0, 12:0,

and 14:0.

Gooden and Lascelles (23) found that lipid absorption in

the 7 to 14 day old calf was markedly reduced when pancreatic juice
was not present.
Microbial acti'vity and rumen development go hand in hand~
The microbes play a twofold role in the digestion of lipids in the

calf.

The microbes will hydrogenate unsaturated fatty acids of which

18:l, 18:2, and 18:3 make up a large portion, resulting in free
stearic acid as an end product.

Bacterial lipase is unique in that,

unlike pancreatic lipase, it cleaves the fatty acid esterified to
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the secondary alcohol group of the glycerol molecule, as well as
those at the primary and tertiary alcohol positions.

The rumen

does not appear to absorb any fatty acids above 16:0 nor is much
degradation of the long chain fatty acids done here {20}.
Extrusion of soybeans and corri has proved advantageous for
f.eedi ng ( 59) because during the proces~ the oil 1eaves the ce 11
structure and becomes a 11 free oil" that is reabsorbed into the
meal when exiting the extruder.

This free state oil from corn and

soybeans was more digestible when fed to dairy heifers.

Extrusion

cooked full-fat soybean flour was superior to ~ooked full-fat
soy flour for poultry {59) with the sulfur containing_amino acids
apparently being more available after extrusion.

Expanded-extruded

soybeans were compared to roasted soybeans and soybean meal in a
corn-oats concentrate ration fed to young calves (11).

Calves fed

the roasted soybean diet grew slower (P<.05) during the 9 wk period
following weaning than calves fed either of the other two diets.
Calves fed the expanded-extruded soybean diet showed an improved
feed efficiency (P<.05) over the roasted soybean or soybean meal
diets,
Other fat sources have been used in calf rations to increase
the available energy of the ration during the calf's first few
critical months.

High fat oats or regular oats made up 92% of two

rations offered to calves during this time period (13).

Calves fed

the high fat oats showed increased feed intake, average daily gain,
and more efficient feed conversion.

Digestibility of the rations
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were similar for all components except for the ether extract fraction
which was more digestible (P<._01) . in the high fat oats.
Including tallow in a calf starter ration is an excellent
way to increase the gross energy of the ration.

At 4% of the ration,

an increase in feed conversion efficiency was measured (82).

However,

at 5% of the ration Waldern and Fisher . (93) only noticed an increased
average daily gain in calves offered the tallow supplemented barley
starter.

Added tallow in veal calf grain rations also improved growth

and feed efficiency (19).

Hydrogenated tallow was poorly digested in

sheep because the process of hydrogenation produced a fat that resists
solubilization and dispersion in the gut (44).

Tallow supplemented

rations were utilized by feed lot steers for weight gain as well _as
sunflower oil or rapeseed oil supplemented rations (72).

However, . the

sunflower oil fed group consumed 7% more concentrate and were more
efficient in feed conversion than the other groups.

Addition of a

protected lipid to calf starter rations improved feed efficiency
(P<.05) in calves from 43 to 70 days of age (15).

Brown grease and

hydrogenated cottonseed oil reduced growth, feed consumption and
palatability of calf starters when fed at 10 or 20% of the ration (52).
Environmental Temperature
Not long after birth i calf's body temperature will stabilize
at 38.3°c (102).

Webster (97) concluded that the lower critical temp-

erature (LCT), the environmental temperature below which homeothermy
is maintained by an increase in metabolic rate, of a newborn calf is

9°c and that by one month the LCT is o0 c.

A possible explanation for
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the drop in the LCT is that the calf, like other creatures is able
to adapt to a repeated stimulu.s like cold (80).

Optimum growth,

feed efficiency, and health was observed at temperatures in the
thermoneutral range of 13 to 2s 0 c (60).
colder animals will eat more (102).

As temperatures become

However, Slee (80) noted a 12%

drop in feed consumption by rams during the week following severe
cold stress and correlated the reduced intake with discomfort and
stress on the animals.

As feed intake increases so does the amount

of body heat produced.

Roy (74) speculated that because different

rations afford the calf varying amounts of heat produced, the calf
may have an appetite that is controlled by the total heat produced;
in other words a thermostatic control of appetite.
In cold weather, dry matter digestibility is reduced in sheep
(99) due to more rapid rumen turnover caused by increased reticular
contractions.

Lower digestibilities were seen in calves and steers

(9) with the calves showing the greatest decrease in dry matter
digestibility per degree drop in temperature.

This led Christopherson

(9) to postulate that the digestive functions in younger, smaller
animals may be more markedly influenced by environmental temperature
than it is in older and -larger animals.
Cold stress will cause an increase in the epinephrine and/or
norepinephrine levels in blood (16, 89).

The increase is most drama-

tically shown in measurements on heart rates of sheep.

Sheep exposed

to temperatures of 2s 0 c had heart rates of 69 beats per minute, while
·o

sheep that were cold stressed at -19 C averaged 223 beats per minute.
Along with increasing the heart rate, norepinephrine has another
SOUTH DAKOTA STATE UN VERSlTY usRAR,
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function interrelating it with brown adipose tissue.

When injecte?

or released due to cold stres~, norepinephrine causes the release
of a tissue lipase which acts specifically on the limited supply
of brown adipose tissue in a young calf, hydrolyzing it and causing
an increase in oxygen ·consumption, thus a rise in heat production (32).
This thermogenesis mechanism is only present the first few weeks of
life, after which shivering is the method of quick, involuntary heat
production.

There is some disagreement in the literature as to

whether or not the calf has any of this special brown adipose tissue.
Early work by Slee (80) and Jenkinson et al. {32) reported that the
calf did not have any brown adipose tissue.

However, a recent article

by Young (105) indicated that there is brown adipose tissue in th_e
young calf which apparently develops in the calf sometime after
birth.

This may explain why the other researchers did not find any

in the newborn calves tbey analyzed.
Other factors that may help or hinder a calf's survival during cold weather it's first few months of life are type of feed and
· weaning time (75).

Calves fed a liquid diet put on more fat and are

better insulated than calves fed dry feed early.

Also hair growth

is influenced by photoperiod but not temperature, so that extended,
unseasonably cold periods in late spring or early fall may find the
calf more susceptible to the cold (104).
Heat stress is the other extreme; when temperatures climb
above the zone of thermoneutrality the calf can be affected in a
number of ways according to Fuquay (16).

Feed efficiency is reduced

because energy is expended for ridding the body of excess heat.
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Digestibility of feeds increase due ·to a reduced rate of passage
caused by a reduction in total . feed intake at high temperatures.
Physical Form of the Ration
Physical form ·of the feed can also influence the consumption
of the feed.
(41).

Pelleting was introduced .in the United States in 1929

Calves consumed more pelleted ccmplete starters than unpellet-

ed starters and hay fed separately (7, 41) or an extruded form (56).
Pelleting did not influence consumption in other trials (17, 54).
Bartley (7) pointed ·out that pelleting a starter and hay ration saved
labor, enhanced feed intake, and increased weight gains.

However, a

finely ground and pelleted starter ration that was high in concentrates
caused excess acidity and increased flow rate in the rumen of calves
(100).

This was expecially troublesome because of the low· rumen

buffering capabilities of young calves.

Adding supplemental fiber

to ground and pelleted calf starters improved feed intake and weight
gains (53), most likely due to allowing a healthy rumen.
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MATERIALS AND METHODS
Growth Trial
Sixty-four Holstein calves, 44 females and 20 males, were
used in a 3 x 2 factorial experiment to compate three pelleted
complete fations (control, high starch, and high fat) fed with or
without an unpelleted supplemental concentrate mix (USCM).

Each

calf received colostrum the first 3 days of life, and started on
the experiment at 3 days of age~

All calves were fed 3.63 kg of

milk per day for 4 wk and 1.82 kg per day the 5th wk.

Calves re-

ceived 50 mg antibiotic per day in their milk and all calves were
weaned at the beginning of their 6th wk on the trial.
Pelleted starters were offered free choice throughout the_
12 wk duration of the trial.

USCM was offered separately the

first 6 wk only to one half of the calves in each pelleted starter
group, to see if it would stimulate additional dry matter intake
and tf it was preferred over the pelleted starters during the milk
feeding period.

Feed consumption was measured daily throughout

the entire 12 wk trial.

Calves were weighed at birth, 3 days of

age, and weekly thereafter.
This growth tri a-1 was conducted from January of 1980 to
May, 1981.

Temperature data were obtained from Weather Research

on the campus of South Dakota State University for the purpose of
. examintng the effect of the higher energy rations on calf performance during cold _and hot weather.
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Ingredient composition of the three pelleted starters and
the USCM are presented in Table 1._ Al 1 diets were fonnulated to
be isonitrogenous at 15.5% crude protein (CP).

The high starch

and high fat diets were formulated to contain .more digestible
energy than the contro·l diet.

The chemical composition of the

starters and USCM is shown in Table 2. .
Feeds were sampled weekly and samples frozen for later
analyses.

Samples were oven dried at 57°c for 48 hours and ground

through a 2 millimeter screen in a Wiley Mill.
conducted on dried samples.

All analyses were

Analyses included proximate analyses

(5), acid detergent fiber (21) and neutral detergent fiber.

Neutral detergent fiber was determined using the procedure
of Robertson and Van Soest (73) as modified by Mertens (49), for
feeds with high starch content.

Approximately .5 g of a dried feed

sample was weighed and put into a 600 ml Berzelius beaker; 50 ml
of room temperature neutral detergent solution was then added.
The beaker was placed on a refluxing apparatus, solution was brought
to a boil, then allowed to reflux for 40 minutes as timed from the
onset of boiling.

After refluxing, the beaker was removed and 50

ml of room temperature neutral detergent solution was added along
with 2 ml of a 2% a-amylase solution.

The beaker was reheated and

the solution was refluxed for 20 minutes.

It was then removed from

the heat, allowed to settle, and suction filtered through a previously tared Gooch crucible.

The beaker was rinsed with hot dis-

tilled water, cleaned with a rubber policeman, and contents poured
into crucible.

The residue in the crucible was finally washed with
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TABLE l.

Ingredient Composition of .Calf Starters and USCMa.

Ingredient
Rolled corn .
~9lled oats
Soy bean ·meal (47.5% CP)
Heat treated soybeansc
(34.5% CP)
Alfalfa-brome hay
(_ground)
Dry mo 1asses
Liquid molasses
Dicalcium phosphate
Trace mineralized salt
Antibiotic premixd

Control

Ration
High _
High
fat
starch

USCM

(% as fed)

30.4
30.4
11. 2

57.7

50.3

14.3

36.0
36.0
16.0

21.7
20.0

20.0

20.0

5.0

5.0

5.0

1.0
1.0
1.0

1.0
1.0
1.0

1.0
1.0
1.0

9.0
1.0
l.0 1.0

aUnpelleted supplemental concentrate mix.
bAll rations contained 1800 IU of Vitamin A and 180 IU of
Vitamin D/kg.
cCommercially available extruded product containing 90%
soybeans.
dAurovet antibiotic, American Cyanamid, Princeton, NJ.
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TABLE 2. Chemical composition of calf diets and unpe 11 eted supplemental concentrate mix (USCM) used in growth trial.

Measurement
Dry matter
Crude protein
Ether extract
Acid detergent fiber
Neutral detergent fiber
Ash

Control

Ration
High
starch

High
fat

USCM

%)
93.0

92.2

93.2

91.9

16.3
2.2
14.6
24.7
6.6

16.8
2.5
12. l
20.4
6.4

16. l
6.3

16.5
3.0
1L8
25.9
4.9

%of OM)

·l 2. 7
20.8

7.3
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acetone until rinse was clear.

Crucibles were dried overnight at

100°c and weighed.

The a-amylase solution was prepared by dissolving 2 g of
1
a-amylase i'n 90 ml of distilled water and filtering through Whatman
#54 fi l te·r paper.

Ten mi 11 il i ters of 2.-ethoxy-ethano l was added to

the filtrate as a preservative.

This solution was made up fresh

week1y.
The experiment was set up in a 3 x 2 factorial design.
Analysis of variance was carried out using the methods outlined by
Steel and Torrie (81).

Waller-Duncan tests were conducted on feed

intakes, while Tukey's Test was used to analyze differences in
starting weights.

The data were adjusted for initial weights and_

temperature .by covariate analyses.

Sum of squares for date analyzed

are presented in the appendix.
Digestion Trial
After the 12 wk growth trial, male calves were placed in
digestion stalli and continued to be fed their respective pelleted
diets.

After 4 days for adjustment, feed intake and fecal output

was measured, recorded, and sampled for 5 consecutive days.
were frozen for later analyses.

Samples

Samples were dried and processed

as described above.

Analyses included proximate analyses (5), acid
detergent fiber (21), energy using an oxygen bomb calorimeter, 2 and
1a-amylase No. A-1278~ Sigma Chemical Co., St. Louis, MO.
2oouble valve, automatic temperature control, Parr oxygen
bomb calorimeter, Parr instrument Co., Moline, IL.
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neutral detergent fiber as described earlier.
taken on the 1st and 9th day

ot

Body weights were

the digestion trial.

Data were analyzed by analysis of variance according to
Steel and Torrie (81) with differences among treatments evaluated
using orthogonal comparisons.

Comparisons evaluated were: 1) con-

trol versus high starch and high fat diets; and 2) high starch versus
high fat diets.

Least significant difference was used to determine

differences in crude protein values of pelleted diets fed during
the digestion trial.
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RESULTS AND DISCUSSION
Growth Trial
Results of the growth trial are shown in Table 3.

Daily dry

feed intake does not include the dry matter calves received from milk.
All calves consumed .43 kg dry matter daily from milk wk 1 to 4 and
. 22 kg per day wk 5.

Intakes o.f tota 1 .dry feeds were s imi 1ar wk 1 to

5, 6 to 12, and 1 to 12 for all groups of calves.

Calves offered the

unpelleted supplemental concentrate mix (USCM), irregardless of pelleted diet, consumed less pellets (P<.01) during wk l to 6 than did
calves offered only pellets.

When further analyzed by individual

weeks, calves offered the USCM consumed less pellets (P<.05) during
wk 2 and 6.

The decreased pellet intake during wk 1 to 6 was more

than offset -by intake of USCM - (Figure 1).

Calves offered USCM dur-

ing wk 1 to 6 tended to consume more total feed than those calves
offered only pellets, but differences were not significant (P>.05).
Combining hay and concentrate in a pellet in this trial did
not adversely affect feed intake as reported by Gardner (18). Palatability of the high fat ration was not adversely affected as it
was for Miller (50) when 10 to 20% fat was included in calf rations.
Feed intakes were also affected by week {P<.01) for the period wk 1
to 5 as would be expected because as calves grow they consume considerably more feed.
Starting body weights were similar for all groups of calves
except that calves fed the pelleted control diet without USCM had
lower starting weights (P<.05).

However, starting weights had no

apparent affect on weight gains, so weight gain data presented in

TABLE 3. Feed intakes, starting weights, average daily gains, and feed efficiencies of calves fed control,
high starch, or high fat pelleted diets, with or without access to unpelleted supplemental concentrate mix
(USCM).
Control
+b

a

Number of calves
Dry feed intake/day, kgf
1-5 wk of trial
6-12 wk of trial
1-12 wk of trial
Starting weight, kg

10

10

.34
2.33
1.50

.42
2.44
1.59

40.0

Average daily gain, kg
1-5 wk of trial
6-12 wk of trial
1-12 wk of trial

45.3

High starch
+
10 ·
.36
2.38
1.53
45.7

High fat
+
-

11

15

8

.42
2.38
1.56

.40
2.28
1.49

.37
2.37
1 .54

45.4

45.4

43.9

.72

.48
.87
.71

.50
.87

.48
.89
.71

.44
.81
.66

.52
.83
.70

Feed dry matter, kg/gain, kgh
1-5 wk of trial
1.58
6-12 wk of trial
2.65
1-12 wk of trial
2.32

1.75
2.79
2.48

1.65
2.82

2.10
2.66
2.41

1.85
2.92
2.59

1.49

.48
.89

.72

2.41

2.89
2.42

SC

Main effect & interaction
Trtd Suppe Trt x Supp

NS
NS
NS

NS
NS
NS

NS

NS

NS
NS
NS
*g

.141
.173
.126

NS
NS
· NS

NS
NS
NS

NS
NS
NS

.724

NS
NS
NS

.NS
NS
NS

NS
NS
NS

• 159
.405
.276
4.03

.460
.357

aCalves not offered USCM
bCalves offered USCM
cStandard deviation
.
d
Control vs. high starch vs. high fat
e
.
USCM vs. no USCM
fMilk dry matter not included
9P<.05
hMilk dry matter included

N

w
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Figure 1.

Feed intake of pellets and unpelleted supple-

mental concentrate mix (USCM)

during first 6 wk of trial, kg/day.
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Table 3 are actual data rather than -data covariate adjusted for
starting weights.
Average daily gains were similar (P>.05) with all pelleted
rations in any period, although calves receiving the high fat diet
tended to have the low~st gains during · all periods.

Weight gains

were similar for wk 1 to 5, 6 to 12, and 1 to 12, whether or not
they received USCM during the first 6 wk of the experiment.

As shown

in Figure 2, calves receiving the USCM during the milk feeding period
(wk 1 to 6) gained slightly more weight in all except the 1st and 6th
wk, but none of these differences approached statistical significance.
Gains of all calves in this experiment compared favorably to gains of
calves fed similar rations from birth to 12 wk of age (12, 15, 17, 53,
54, 77, 93) .. Feed dry matter intake per kilogram of gain were simi_lar
(P>.05) for all diets in all periods.
The genera 1 hea l_th of a 11 ca 1ves was very good throughout
the 12 wk duration of the trial,
died.

No calves receiving the control diet

Two calves fed the high starch diet died; one at 5 days of life

from an unknown cause, the other died of bloat at 10 wk of age.
calves fed the high fat diet died of bloat during wk 9.

Two

Data from

those 4 animals were not . included in the data used for analyses.
Environmental temperature had not effect on feed intake, average daily gains, or efficiencies of feed utilization.

This lack of

a temperature effect was likely because the two winters during which
this tri-al was conducted were mild by South Dakota standards.

It was

hypothesized that the high starch and/or high fat diet would be more
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Figure 2.

Average daily gain of calves offered or not

offered supplemental concentrate mix during first 6 wk of trial,
kg/day.
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beneficial than the control diet to ·calves subjected to severe cold
stress, especially severe cold _weather about the time or shortly
after weaning.

No severely stressful weather conditions occurred

during the winters included in this trial ('79- 80 and 80- 81).
1

1

1

Covariate · analyses with data adjusted for starting weight and temperature resulted in no significant differences among treatments or
USCM groups.
Digestion Trial
Apparent digestibilities of the three pelleted calf diets
as determined with 13 wk old male calves is presented in Table 4.
The control diet was generally more dtgestible than the high starch
and htgh fat diets for all nutrient parameters evaluated.

Gross

energy content of the pe1leted diets were similar (P>.05), although
the high fat diet contatned slightly more energy, as expected because
of its higher fat content.

Gross energy was more digestible (P<.05)

for the control diet than for the hi'gh starch and high fat diets.

The htgh starch diet fed during the digestion trial contained more
crude protein (CP) (P<.05) than the high fat diet, even though all
diets were formulated to -be isonitrogenous. · Apparent nitrogen
digestibility of the control diet was greater (P<.01) than of the
high starch and high fat diets~

This may be because corn represented

only 16% of the protein fraction of the control diet and 36 and 31%
of the protein fraction from the high starch and high fat diets,
respectively.

Corn protein is known to be very insoluble (69) and
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TABLE 4. Daily weight change, daily dry matter intake, and apparent
digestibility of control, high starch, and high fat rations by male
calves.
Diet

Control

High
starch

No. of animals
7
Avg wt at start, kg
99.6
Avg wt at end, kg
. 103 .4
Daily wt change, kg
.42
Dry matter intake, kg/day 2.63

6
104.2
107 .4
.35
2.52

7
106.3
107.3
.08
2.33

4.00
17.0b

4.10

1.02
0.66

76 .1
75.9
76.1
90.0d
37.3
42.5
59.5

4.82
3.97
4.06
4 .16
12. 18

Ration
Energy, Meal/kg OM
Crude protein, % of OM

3.98
l6.2bc

Coefficients of Digestibility,%
Dry matter
81.3
BO.lb
·Energy
83.4c
Nitrogen
89.0b
Ether extract
48.6b
Acid detergent fiber
Neutral detergent fiber 50.7
72.4c
Ash

77. 7
76.5
77.8
80.0
33.6
42.7
65.8

High
fat

15. 9C

aStandard deviation.
bDifferent from high starch and high fat, P<.05.
cDifferent from high starch and high fat, P<.01.
dHigh fat different from high starch, P<.01.

Sa

1.10

11. 74

6.32
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at the high levels found in the high starch and high fat diets may
also have caused an increase in the rate of passage, further inhibiting protein digestibility.
Because of orthogonal pairings, apparent digestibility of
ether extract in the control diet was ·higher (P<.05) than in the
high starch and high fat diets.

Howev~r, the high fat diet was

actually numerically more . digestible than the control diet, with
the high starch diet being much less digestible (P<.01) than the
high fat diet.

Other researchers (13, 15, 44, 72) also observed

higher digestibilities of ether extract with ruminants fed diets
high in fats or oils than in animals fed a basal or control ration.
However, Roberts and McKirdy (72) reported that the ether extract
method of analyzing feces does not remove all of the fat, due to
the fat being in a bound form.

This could explain the high digest-

ibility percentages of ~he ether extract component, especially in
the high fat diet.
Acid detergent fiber (ADF) and ash components of the control
diet were also more digestible (P<.05) than the ADF and ash components
of either the high starch or high fat diets.

Dry matter and neutral

detergent fiber digestibilities were not different (P.l> .05) between
the control, high starch, and high fat diets or the high starch and
high fat diets, although trend~ were similar to trends in digestibilities of other components; suggesting that rate of passage of
the 2 diets with over 50% corn was rapid enough to deter digest~
ibilities in the young ruminant.
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APPENDIX TABLE 1.

Sum of squares for feed dry matter intake, kg/day.
Degrees
of
freedom

l to 5

Total

63

9.47

Treatment

2

.030

.352

.106

Supplement

1

. 142

.017

.058

Trt x supp

2

. 121

. 181

.049

Sex

1

.065

.290

.067

Trt x sex

.2

.020

.035

. 195

Supp x sex

1

.060

.042

.017

Trt x supp x sex

2

.214

.077

.429

Error

52

Source of
variation

wk

8.09

wk

6 to 12 ·
51.28

47.89

wk

l to 12

22.36

21.34
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APPENDIX TABLE 2.
Source of
variation

Sum of squares for pellet intake, wk l to 6.

Degrees
of
freedom wk l

wk 2

wk 3

wk 4

wk 5

wk 6

35.94

52.62

Total

62

.482

Treatment

2

.026

.113

.213

Supplement

1

.014

.235 *

.229

Trt x supp

2

.005

. 160

.662

.292

.261

Sex

1

.0005

.002

.199

.017

.010

. 012

Trt x sex

2·

.003

.021

~220

.746

.273

.296

Supp x sex

1

.002

.048

.342

.110

.023

. 317

Trt x supp x sex 2

.016

.065

. 150

.. 588

51

.415

Error

*Significant

(P<.05).

2.89

2.32

l 0·. 34 - 23.08

8.31

.059
1.37

19.45

.003
2.42

.087
5.18 *
1.38

1.43

1. 94

31.40

42.22
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APPENDIX TABLE 3.

Sum of squares for supplement intake, wk 1 to 6.

Degrees
of
freedom

wk 1

wk 2

wk 3

wk 4

wk 5

wk 6

Total

27

.077

. 586 · 2.05

4.22

10.90

12.35

Treatment

2

.008

.012

.075

.008

.306

.011

Supplement

0

Trt x supp

0

Sex

1

.00002

.0002

.004

.003

.025

. 105

Trt x sex

2.

.0009

.0008

.127

• 199

Supp x sex

0
.069

. 573

Source of
variation

1.33

1.22

9.33

10~87

Trt x supp x sex 0
Error

22

1.86

3.99
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APPENDIX TABLE 4.
daily gain (ADG).

Sum of squares for starting weights and average

Degrees
of
freedom

Starting
weight

ADG
wk
1 to 5

ADG .
wk
6 to 12

63

5735.61

5.59

8.43

Treatment

2

402.8

Supplement

1

Trt x supp

Source of
variation
Total

ADG
wk
l to 12
4.30

.007

.202

.071

84.89

.027

.004

.007

2

581.83 *

. l 09

.017

.042

Sex

1

21.72

.049

.046

.040

Trt x sex

2

137.69

.144

. 470

.117

Supp x sex

l

116. 70

.043

.008

.027

Trt x supp x sex 2

141. 58

.094

.092

.010

Error

52

4107.97

* Significant (P<.05)

5.02

7.45

3.92

••
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APPENDIX TABLE 5.
Source of
variation

Sum of squares for feed dry matter, kg/gain, kg.

Degrees
of
freedom

wk

wk

wk

1 to 5

6 to 12

. 1 to 12

·28. 38

15. 31

Total

63

3L46 . ·

Treatment

2

.562

1.22

.395

Supplement

1

. 101

1.10

.649

Trt x supp

2

Sex

1

Trt x sex

2·

Supp x sex

1

.232

.006

Trt x supp x sex 2

.832

. 921

Error

52

1. 53

.0002
1.19

27.23

.402

.283

.087

.011

1.05

22.71

.051
.046
1.01
12.67

Sum of squares fo r appa rent digestibi l ities and orthogonal c~par i sons of pe l leted

APPE NDIX TABLE 6.
diets.
Source of
variation

Degrees
Dry
of
freedom matter

Energy

Nitrogen

Ether
extract

485.55

679.52

205.69 **

384.86 **

279.86

294.66

Acid
detergent
fiber

Acid
detergent
fiber

Ash

3342 ~'.64

2638.83

1268. 41

819.09

296.50

2523.54

2342.33

19

494.00

340.05

Treatment

2

98.42

71. 75

Error

17

39'5. 57

268.30

1

87.88

69.17 *

192. 10**

73.88*

790. 19*

High starch vs. 1
high fat

7.93

1. 50

9.30

324.29 **

44.26

Total

Contrast
Control vs.
high starch &
high fat

295.38

.074

588.29**
680.12

437.97 **
127. 54

*Significant (P<.05)
** Significant (P<.01)
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